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Summary. Cholesterol plays an essential role in cell mem- 
brane synthesis and in cell gro^vth and differentiation. In 
mammalian cells, cholesterol can be synthesized from ace- 
tate precursors or taken up from dietar>' or exogenous 
sources. The major cataboHc route for disposal of cholesterol 
involves conversion into excretable bile acids. The mainte- 
nance of cholesterol homeostasis is influenced and carefully 
controlled by multiple feedback mechanisms. The key regula- 
tory targets of these feedback mechanisms are 3-hydroxy- 
3-methyIgIutaryl coenzyme A (HMG-CoA) reductase in cho- 
lesterol biosynthesis, the low-density lipoprotein (LDL) 
receptor in cholesterol uptake, and cholesterol 7a-hydroxy- 
lase in cholesterol catabolism. The elucidation of regulatory 
mechanisms in cholesterol metabolism has been greatly facil- 
itated by the discovery of a new class of lipid-lowering drugs, 
the HMG-CoA reductase inhibitors. In addition to proving 
therapeutically useful in the treatment of hypercholesterol- 
emia, these drugs have revealed novel regulatory steps in cho- 
lesterol metabolism and several new targets for future drug 
development. This manuscript reviews recent developments 
in the cholesterol biosynthetic pathway and the regulatory 
mechanisms that maintain cholesterol homeostasis. 
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from a biochemical perspective, cholesterol is a nec- 
essai-y constituent for eukaryotic cell growth and de- 
velopment. The biosynthesis of cholesterol provides 
crucial building blocks for cell membranogenesis and 
membrane fluid regulation, and for the synthesis of 
sterol and nonsterol products that are important for 
normal cell function. Prevailing interest in cholesterol 
has revolved around its role in the development of 
atherosclerosis and cholelithiasis, and much research 
energy has been directed toward identifying mecha- 
nisms to decrease elevated serum cholesterol levels. 
More recent developments have underscored the es- 
sential nature of cholesterol in cell growth and devel- 
opment, and have begun to elucidate the mechanisms 
governing cholesterol homeostasis. 

Cholesterol Metabolism 

Cholesterol may be obtained for cellular metabolism 
either via uptake mediated by members of the low- 
density lipoprotein (LDL) receptor family or through 



biosynthesis. The uptake pathway invoking the lipo- 
protein receptors may be further subdivided into an 
exogenous (dietary) pathway and an endogenous path- 
way (Figure 1). Although cholesterol uptake and bio- 
synthesis are interdependent (i.e., changes in dietary 
cholesterol intake and cell requirements influence the 
rate of cholesterol biosynthesis through complex feed- 
back mechanisms), cellular cholesterol requirements 
can be met equally well through either supply path- 
way. 

Humans synthesize approximately 700-900 mg of 
cholesterol per day, while 300-500 mg are absorbed 
daily from dietary sources [2]. Normal daily choles- 
terol turnover is accounted for by excretion in the 
gastrointestinal tract (600 mg/day), conversion to bile 
acids (400 mg/day), sloughing skin (85 mg/day), bio- 
synthesis of steroid hormones (50 mg/dayX and by in- 
corporation into membranes of actively dividing cells. 

Most mammalian cells are capable of endogenous 
cholesterol synthesis [3]. In all species examined to 
date, cholesterol synthesis occurs primarily in four or- 
gans: the liver, gastrointestinal tract, skin, and "car- 
cass" (i.e., striated muscle and bone marrow). With 
the exception of the liver, these organs demonstrate 
high rates of cell turnover and use large amounts of 
cholesterol for synthesizing new membranes. In hu- 
mans, the liver and ileum are the primary sites of 
cholesterol biosynthesis [3]. Although the human liver 
has a low rate of cell turnover, it nevertheless synthe- 
sizes and takes up large amounts of cholesterol for 
lipoprotein, bile acid, and steroid hormone biosynthe- 
sis. Rates of hepatic cholesterol biosynthesis can be 
further increased during the extensive hepatocellular 
regeneration that occurs in patients who have under- 
gone partial hepatectomy [4]. A diurnal variation in 
hepatic cholesterol synthesis (increased rate at night) 
has also been demonstrated in animals and humans 
[5,6]. 
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Fig. 1, Lipoprotein transport in humans, illustrating the exogenous and endogenous cholesterol uptake pathways. Both cycles be- "' 
gin with the secretion of triglyceHde-iich particles [chylomicrons and very-low-deiisity lipoprotein (VLDL)], which are converted to 
cholesterol-ester-nch particles [chylomicron remnants, intermediate-density lipoprotein (IDL), low density lipoprotein (LDL)]. 
The enzyme lecithinicholesterol acyltransf erase (LCAT) catalyzes the formation of cholesteryl esters. At least two lipoprotein re- 
ceptors participate in these pathways [66]. (Reproduced from Brown et at. [1], with permission.) 



Quantitation of Cholesterol 
Biosynthesis 

Several methods have been used to estimate the rate 
of endogenous cholesterol biosynthesis, including 
HMG-Coa reductase or mevalonate assays, sterol bal- 
ance techniques, and determination of the plasma ki- 
netics of radioactive cholesterol or LDL. Studies eval- 
uating the correlation between HMG-CoA reductase 
levels and cholesterol biosynthesis in humans are just 
nt)w being done [7] due to the difficulty in obtaining 
appropriate tissue samples. Sterol balance techniques 
are onerous because of the long observation periods 
and exquisite dietary control of cholesterol intake that 
are required [8]. 

Methods incorporating radiolabeled cholesterol 
precursors are most commonly used to quantitate cho- 
lesterol biosynthesis. The rate of substrate incorpora- 
tion is measured in tissue after in vitro incubation 
with the substrate or by injection of the substrate 
followed by measurement [9]. Assays of the rate of 
incorporation of [^"^CJsubstrates into cholesterol are 
useful only for determining the relative change in 
rates of cholesterol synthesis [2]. More recently, the 



use of radiolabeled water to measure cholesterol syn- 
thesis was shown to be superior to [^"^Clsubstrates 
[8,10,11] This technique has demonstrated that cho- 
lesterol synthesis in extrahepatic tissues is 5-20 times 
higher than previously thought, confirming that ex- 
trahepatic organs are self-sufficient with regard to 
cholesterol synthesis [2]. 



Cholesterol Biosynthetic Pathway 

The initial step in cholesterol biiDsynthesis is the for- 
mation of acetoacetyl coenzyme A (CoA) from 2 moles 
of acetyl CoA^-Condensation of a third mole of acetyl 
CoA results in the formation of the key intermediate, 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
(Figure 2). The formation of HMG-CoA by the enzyme 
HMG-CoA synthase is one of several steps in the bio- 
synthetic pathway that is regulated by feedback inhi- 
bition. HMG-CoA undergoes reduction by HMG-CoA 
reductase to form mevalonate in the most highly regu- 
lated step in the pathway [12-14]. It is this step that 
is inhibited by a new class of cholesterol-lowering 
drugs, the HMG-CoA reductase inhibitors (see be- 
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wards and Fogelman [12], Goldstein and Brown [13], and 
Panini et al. [14] ^ tvith permission.) 



low). Isopentenyl pyrophosphate (IPP), the 5-carbon 
structure that serves as the basic unit for isoprenoid 
(C5H8) synthesis, is formed from mevalonate through 
a series of phosphorylations and a decarboxylation. 
From IPP, isopentenyl adenine is formed, a compound 
that may play a role in regulating DNA replication 
[15]. IPP also polymerizes to form geranyl pyrophos- 
phate (GPP), a 10-carbon isoprenoid from which the 
15-carbon famesyl pyrophosphate (FPP) is subse- 
quently formed. With the formation of FPP, the iso- 
prenoid pathway branches into multiple limbs, leading 
to the synthesis of both nonsterol and sterol products 
(Figure 2). 

A series of condensations of FPP leads to the for- 
mation of either trans- or cis-polyprenyl pyrophos- 
phates, from which nonsterol polyisoprene com- 
pounds, such as ubiquinones or dolichols, are formed. 
Ubiquinones participate in electron transport, and 
dolichols participate in glycoprotein synthesis. FPP 
and the 20-carbon isoprenoid geranylgeranyl pyro- 
phosphate also serve as isoprenoid donors in newly 
discovered post-translational modifications of certain 
key proteins involved in cellular growth control and 
intracellular signalling (see below). 

Condensation of 2 moles of FPP result in the forma- 
tion of squalene, a 30-carbon molecule and the first 
dedicated step in sterol synthesis. The linear squalene 



molecule then undergoes- a complex cyclization reac-: 
tion and several intramolecular rearrangements; to 
form the four-ring cyclopentanophenanthrene nucleus 
[16]. Subsequent demethylation steps 3deld the 27-car- 
bon cholesterol molecule. The multiple reactions lead- 
ing to the synthesis of cholesterol occur in both the 
cytosol and membrane compartments of the cell [17]. 
Water-soluble cholesterol precursors are thought to 
diffuse from membrane to membrane in the c>^o- 
plasm; squalene is the first membrane-bound choles- 
terol precursor. The rate of sterol synthesis is gener- 
ally several hundred times gi^eater than that of 
nonsterol synthesis, although the relative amount of 
isoprenoid diverted into the two pathways can be var- 
ied depending on cellular requirements [18]. 

The fate of newly synthesized cholesterol or that 
obtained by receptor-mediated uptake (see below) is 
varied; cholesterol may be catabolized to end products 
(e.g., bile acids, steroid hormones); it may be excreted 
directly in the bile; it may be stored as cholesteryl 
esters; or used in the biosynthesis of new membranes 
in dividing cells. The primary routes of cholesterol 
elimination are excretion in the feces as neutral or 
acidic (bile acid) sterols. The desquamation of the hair 
or skin and the conversion of cholesterol to steroid 
hormones account for smaller proportions of choles- 
terol elimination [3]. 

Bile acid synthesis accounts for the largest percent- 
age of daily hepatic cholesterol catabolism. Bile acids 
are formed from cholesterol by the actions of more 
than 10 enzymes in the hver [19]. The first and rate- 
limiting step in the synthesis of bile acids is catalyzed 
by the microsomal cytochrome P-450 enzyme, choles- 
terol 7a-hydroxylase. The activity of this enzyme is 
regulated at the mRNA level by the flux of cholesterol 
through the liver and by the return of bile acids via 
the enterohepatic circulation [20]. Mechanisms of reg- 
ulatory crosstalk between the pathways of cholesterol 
biosynthesis, uptake, and bile acid synthesis are cur- 
rently under intense investigation (see below). 

Cholesterol Synthesis and Cell 
Metabolism 

Cholesterol and its precursors are essential elements 
for eukaryotic cell growth. Cholesterol is required as 
a building block for membranes of the nucleus, mito- 
chondria, and microsomes. Cholesterol itself has little 
effect on DNA repIi?ationrfiowever, it" is required in- 
directly for cell division. As reviewed by Siperstein 
[4], inhibition of cholesterol synthesis with HM(}-CoA 
reductase inhibitors or oxygenated sterols blocks cell 
growth and replication, in a single cycle; cells cannot 
enter the DNA synthetic (S) phase. The addition of 
cholesterol and mevalonate reverses this inhibition 
and promotes cell growth and proliferation. 

The requirement for cholesterol probably reflects 
the need to approximately double cell membrane mass 
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Fig. 3, The role of cholesterol biosynthesis in the cell cycle 
and DNA replication. Abbreviations as in text. (Reproduced 
from Siperstein with permission.) 



during division, whereas evidence suggests that mev- 
alonate or a product derived from mevalonate plays 
an important role in the initiation of DNA replication. 
This relationship was detected initially by the three- 
fold rise in HMG-CoA reductase activity observed at 
or immediately prior to S-phase DNA replication [21]. 
Preliminary studies using double thymidine blocked 
baby-hamster kidney (BHK) cell indicated that stim- 
ulation of DNA synthesis may be mediated through 
isopentenyl adenine; this compound was 100 times 
more active than mevalonate in reversing the sup- 
pression of DNA synthesis by HMG-CoA reductase 
inhibitors [15]. Subsequent studies have shown, how- 
ever, that the effects of mevalonate byproducts on 
DNA replication and cell proliferation may be quite 

' complex [22]. The interrelationships between the cell 
replication cycle, DNA synthesis, and cholesterolo- 
genesis are illustrated in Figure 3 [4]. 

An exciting development in the area of cholesterol 
synthesis and cell growth has been the discovery that 
multiple proteins are post-translationally modified by 
the covalent attachment of isoprenoids to cysteine res- 
idues [13]. These proteins include the nuclear lamins, 
which play a fundamental role is assembly of the nu- 
cleus [23], an ubiquitous class of small (-20,000 M^) 
GTP-binding proteins [24] that include oncogene prod- 
ucts such as ras [25], and a subunit of certain trimeric 
intracellular signalling proteins (the so-called G pro- 

-teins) that mediate the production of multiple second 
messengers within the cell [26]. 

The clinical implications of these findings have be- 
come more apparent as premalignant and malignant 
cells may lack certain regulatory mechanisms for neg- 
ative feedback control of cholesterol metabolism [4]. 
Thus, these cells demonstrate high levels of mevalo- 
nate and cholesterol synthesis, which normally would 
decrease in response to excess cholesterol. Some in- 
vestigations have linked the source of this defect to 
HMG-GoA reductase, which displays a higher state of 
activation in malignant cell lines as compared v^ath 
normal, nonmalignant cells [4]. The increased activity 
of HMG-CoA reductase and the finding that certain 



cancer-causing genes such as ras are modified by the 
addition of isoprenoids has led to the suggestion that 
HMG-CoA reductase inhibitors may have some utility 
as antineoplastics [27,28]. Alternatively, enzymes 
that isoprenylate proteins may serve as more focused 
therapeutic targets [13]. 



Regulation of Cholesterol Homeostasis 

Cholesterol homeostasis is regulated and maintained 
by three interrelated feedback mechanisms: regula- 
tion of LDL receptor production, activity and regula- 
tion of HMG-CoA reductase and other enzymes in the 
biosynthetic pathway, and regulation of cholesterol 
7a-hydroxylase in bile acid synthesis. 

LDL receptor regulation 

As discussed above, cells have two means to satisfy 
their cholesterol requirements, either via uptake of 
cholesterol-carrying Upoprotein particles mediated by 
the LDL receptor (Figure 1) or by synthesis from 
acetate precursors (Figure 2). Cells that use little cho- 
lesterol, such as those of the kidney or skeletal mus- 
cle, can satisfy their requirements by endogenous cho- 
lesterol synthesis and thus tend to have low numbers 
of LDL receptors. Cells of the liver and adrenal 
glands, however, because of their enhanced choles- 
terol requirements, contain large numbers of LDL re- 
ceptors [2,29] and actively synthesize cholesterol. 

Because of its central role in cholesterol metabo- 
lism, the cell biology, biochemistry, molecular biol- 
ogy, and genetics of the LDL receptor pathway have 
been extensively investigated [30]. These studies 
have revealed that the human LDL receptor is a cell- 
surface glycoprotein [31] with high affinity for several 
classes of cholesterol-carrying Hpoproteins that con- 
tain apohpoprotein B and apohpoprotein E [32]. The 
LDL receptor is estimated to account for the uptake 
and degradation of 65-80% of LDL in humans [2]. 
This clearance is accomplished by receptor-mediated., 
endocytosis (Figure 4), a process involving an initial 
binding event „ at the coll surface followed by a 
multistep invagination and intracellular trafficking 
itinerary. Within the cell, bound LDL dissociates 
from the receptor and is transported to the lysosome 
for breakdown. After ligand release, the LDL recep- 
tor recycles to the cell surface, where it undergoes 
addkionaf7ouriHrof binding and intemalization. The 
cycle requires about 10 minutes to complete; thus in 
a typical cell an LDL receptor may participate in hun- 
dreds of internalization events [33]. 

. Cholesterol that is released from LDL during 
breakdown in the lysosome plays two important regu- 
latory roles. First, it activates the acyl cholesterol 
acyl transferase (ACAT) enzyme, which catalyzes the 
formation of readily stored cholesteryl esters [30]. 
Second, excess cholesterol or a derivative brings 
about a diminution of LDL receptor gene transcrip- 
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Fig. 4. The LDL receptor pathway of cholesterol uptake. Ah- 
breviations as i7i text, (Reproduced from Broxvn and 
Goldstein [30], with permission.) 



tion in the nucleus [34], thus reducing the synthesis 
of new LDL receptors. Through these regulatory ac- 
tions, the cell protects itself from a buildup of excess 
cholesterol. Conversely, when a cell such as a hepato- 
cyte in the liver is starved for cholesterol or experi- 
ences an unusual demand for the molecule (e.g., to 
replace bile acids sequestered by the administration 
of bile-acid binding resins), cholesteryl ester pools are 
metabolized and LDL receptor synthesis is increased 
[30], LDL receptor synthesis is also enhanced when 
cholesterol synthesis is suppressed, such as during the 
administration of HMG-CoA reductase inhibitors [35]. 

HMG'CoA reductase regulation 
HMG-CoA reductase is a membrane-bound enzyme of 
the endoplasmic reticulum and is one of the most 
highly regulated enzymes in nature [13]. The human 
protein contains 888 amino acids that can be divided 
into a membrane-associated domain of 339 residues 
and a soluble catalytic domain of 548 residues [36,37]. 
Studies of the sequence of HMG-CoA reductase 
cDNAs derived from various animal species suggest 
that the structure of both the membrane-associated . 
and catalytic domains of HMG-CoA reductase are 
highly conserved [38]. 

That HMG-CoA reductase is a central control point 
of cholesterol synthesis is indicated by the multiple 
levels at which the enzyme is regulated [39] (Figure 
5). Thus, synthesis of HMG-CoA reductase mRNA 
[40], translation of the mRNA [41,42], degradation of 
the protein [43], and activity of the enzyme itself [44] 
are regulated in response to cellular cholesterol and 
isoprenoid demand. In addition, HMG-CoA reductase 
is subject to a diurnal cycle regulation [45] and to com- 
plex hormonal influences [46]. 

Cholesterol and mevalonate individually suppress 
the synthesis of HMG-CoA reductase. However, max- 
imal suppression of the enzyme requires the presence 
of both cholesterol and a nonsterol metabolite of mev- 
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alonate [13]. Sterols decrease the transcription of the 
gene [40] and increase the degradation of the protein 
via the membrane-associated domain [43]. The nonste- 
rol mevalonate-derived product decreases translation 
of the mRNA and also increases degradation of the 
protein [41]. When cellular sterol concentrations de- 
crease, the multilevel regulatory process can increase 
HMG-CoA reductase synthesis by 200-fold. This dra- 
matic response is accomplished by inducing transcrip- 
tion of the gene and by slowing the rate of HMG-CoA 
reductase degradation [13]. When cholesterol is pres- 
ent in adequate amounts, both HMG-CoA synthase 
[the enzyme preceding reductase in the synthetic 
pathway (Figure 2)] and HMG- Co A reductase activi- 
ties can decline by 90%. with cells using the remaining 
10%. of meyalcnate production solely for the produc- 
tion of nonsterol products [47]. 

HMG-CoA reductase activity may also be regu- 
' lated by a number of other mechanisms, including con- 
version of the enzyme between active and inactive 
formsjby way of a phosphqiylation (inactive form)- 
'dephosphoryiation (active form) event dependent on 
protein kinases [44], by changes in the fluidity of the 
endoplasmic reticulum membrane brought about by 
increasing (less fluid) or decreasing (more fluid) cho- 
lesterol levels in the organelle [18,39], and finally by 
isoprenylated proteins. Because mevalonate is re- 
quired for isoprenylation, decreased mevalonate pro- 
duction will result in an accumulation of unmodified 
proteins. These proteins may have a role in upregu- 
lating or downregulating translation or degradation of 
HMG-CoA reductase [13). 
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The mechanisms by which the translation of the 
HMG-CoA reductase mRNA and degradation of the 
protein are regulated remain obscure. However, sub- 
stantial insight has been gained into the mechanisms 
of transcriptional regulation of the HMG-CoA reduc- 
tase gene and other genes encoding enzymes of choles- 
terol synthesis, as well as the LDL receptor gene. 

The^ 5'-flanking regions of the HMG-CoA reduc- 
tase, HMG-CoA synthase, and LDL receptor genes 
contain one or more copies of an eight-nucleotide DN A 
sequence termed the sterol regulatory element or 
SEE [48,49]. The SRE element can act to stimulate 
the expression of a gene in the absence of sterols, as 
it does in the LDL receptor gene, or the SRE can 
bring about a decrease in mRNA production in the 
presence of sterols, as it does in the HMG-CoA reduc- 
tase gene [13]. Given the presence of SREs in these 
multiple genes, and the observation that many en- 
zymes in the cholesterol synthesis pathway are sub- 
ject to sterol-mediated feedback regulation [50,51], it 
is conceivable that SREs will be found in the 5'-flank- 
ing regions of multiple genes involved in this pathway. 
Should this hypothesis prove correct, the SRE and 
proteins that interact with this element may repre- 
sent targets for drugs that could increase LDL recep- 
tor expression (thus decreasing serum cholesterol lev- 
els) or that could suppress multiple genes involved in 
cholesterol synthesis. 

Cholesterol 7a-hydroxylase regulation 
The production of bile acids in the liver represents the 
major catabolic pathway for cholesterol disposal. To 
ensure homeostasis, the amount of cholesterol di- 
verted into bile-acid synthesis is tightly regulated by 
modulating the activity of cholesterol 7a-hydroxylase, 
the first enzyme in the pathway. Although early stud- 
ies demonstrated the importance of this enzyme [52], 
insight into the mechanisms by which activity is regu- 
lated had to await the purification of the enzyme and 
the cloning of the mRNA [53]. Subsequent studies 
have revealed a tissue-specific (liver only) expression, 
of the cholesterol 7a-hydroxylase gene [20], induction- 
of the gene by dietary cholesterol and suppression by 
bile acids [20,54,55], and diurnal regulation [56-58]. 
" In addition, induction by bile-acid binding resins and 
complex hormonal regulation has been demonstrated. 
It is clear that the regulation of cholesterol 7a-hydrpx-^., 
ylase, and hence cholesterol catabolism, occurs at mul- 
tiple levels and may rival that of HMG-CoA reductase 
in its complexity. 

Precisely how the pathways of cholesterol supply 
and catabolism are coordinately or noncoordinately 
regulated is currently an area of intense research in- 
terest. This interest arises in part from the observa- 
tion that increased bile-acid production represents a 
mechanism for decreasing serum cholesterol. Bile-acid 
binding resins (cholestid, cholestyramine) are a case 
in point. These agents prevent the return of bile acids 
to the liver and thus force the liver to synthesize more 



bile acids to maintain a constant pool of these essential 
molecules. The resulting increased demand for choles- 
terol is met by increasing LDL receptor-mediated up- 
take of lipoprotein particles, leading to a decrease in 
serum cholesterol. In the future it may be possible to 
develop drugs that directly stimulate the cholesterol 
Ta-hydroxylase gene [59] in order to decrease serjm 
cholesterol levels. 

HMG-CoA reductase inhibitors 
The catalyst for the discovery of much of what is 
known regarding the regulation of cholesterol synthe- 
sis was the isolation and characterization, of competi- 
tive inhibitors of HMG-CoA reductase [60]. These 
compounds were used to reveal the regulation of the 
pathway by nonsterol mevalonate-derived products 
[47], to clone the HMG-CoA reductase gene [61], to 
implicate a role for cholesterol and its biosynthetic 
intermediates in DNA synthesis [4], and to gain in- 
sight into the role of isoprenylated proteins in cellular 
regulation and cholesterol metabolism [13]. 

The development of the HMG-CoA reductase inhib- 
itors had a tremendous impact on the clinical manage- 
ment of persons with elevated serum cholesterol lev- 
els, a major risk factor for the development of 
coronary heart disease. The discovery and use of ther- 
apeutic inhibitors of HMG-CoA reductase (e.g., lova- 
statin, pravastatin, simvastatin) have allowed rapid 
and sustained reductions of cholesterol levels of up to 
40% when used alone, and even higher (>50%) when 
used in combination with other Hpid-lowering agents 
[62]. Not only do these drugs lower serum cholesterol, 
but emerging data also suggest that this reduction 
can, in some individuals, promote atherosclerotic le- 
sion regi-ession [63]. ^ 
Previous attempts to inhibit cholesterol synthesis 
vdih agents (e.g., triparanol) that interrupted the bio- 
synthetic pathway at a later stage (conversion of des- 
mosterol to cholesterol) were unsuccessful because 
they allowed the . accumulation of toxic metabolites 
that were associated with complications (lenticular 
cataracts, ichthyosis) [64,65]. The HMG-CoA reduc- 
tase inhibitors, in contrast, inhibit the cholesterol bio- 
synthetic pathway at an earlier stage, when choles- 
terol precursors are water soluble (Figure 2) and 
are able to be metabolized -via other biosynthetic 
..^pathways.. ...... 



Conclusions 

Cholesterol is a crucial molecule for eukaryotic cell 
growth and development. The body has at its disposal 
a variety of means to regulate the supply and break- 
down of this essential molecule. Over the last two dec- 
ades, research has pro\nded substantial insight into 
the complex regulation of cholesterol homeostasis and 
has provided the clinician with powerful new drugs 
for the treatment of hypercholesterolemia. As we 



Cholesterol Biosynthesis 209 



progress further in our understanding of cholesterol 
and its regulation, it is likely that still more powerful 
therapeutics (e.g., site-specific cholesterol inhibitors) 
will be discovered for use in the treatment of the many 
diseases with a cholesterol-linked etiology. 
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